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Field burning of rice straw, common practice in Cianjur, West Java, about 58 percents of farmers 
burning straw in the field after harvesting. Open burning in the paddy field is a common way to 
eliminate rice residues after harvesting.  During rice harvesting seasons, open burning of rice 
residues in the field releases a large amount of  Black Carbon (BC). It has potential effects on air 
quality, atmosphere and climate.  The purpose of this study is to investigate the BC emitted  in 
PM2.5 from rice straw field open burning in Districts Cugenang, Cianjur, West Java, Indonesia.  
Samples of airborne particulate matter  (PM2.5)  from open burning of rice straw were collected at 
several locations in District Cugenang,  from June  through October 2015. The samples were 
collected  using a minivol air sampler. Black carbon was analyzed using an EEL smoke stain 
reflectometer.  The average of PM2.5 during the sampling period of open burning rice straw for eight 
varieties (Mekongga, Ciherang, Hibrida, Sarangue, Inul, Pandan wangi, Inpari and Cintanur) was 
847.8, 501.9, 361.9, 891.3, 1099.3, 684.2, 264.7, and 517.3 microg/m3, respectively. The average of 
PM2.5 from chamber simulation for eight varieties was 842.01, 1248.7, 929.7, 1997.3, 916.3, 
1176.1, 1641.8, 488.71 and 1156.45, respectively. The average of BC concentration for open 
burning was 44.85, 75.46, 83.09, 61.65,  68.66, 65.85,  and 52.54 μg/m3, respectively. The average 
of BC concentration for chamber simulation for eight varieties was 139.4, 163.2, 141.5, 107.9, 
132.3, 106.1, 137.2, 69.9, and 124.69 µg/m3, respectively. The ratio of the average BC 
concentration compared to the PM2.5 concentrations showed that BC comprises about 11.9 %  of the 
fine particulate matter collected at all sites on field burning experiment and about 14.7 % for 
simulation in the chamber. Our results provide useful information for the development of local 
emission factors for Black Carbon from open burning of rice straw in Cianjur. And paved the way 
for a more accurate estimate of emissions that have an impact on climate in Indonesia 
Keywords: Black Carbon Contribution, Field burning,  PM2.5, Rice Straw Varieties, West Java. 
1. INTRODUCTION 
In many countries open burning in the paddy field is common way to eliminate rice residues 
after harvesting. During the rice harvest season, farmers tend to lead to the burning of rice straw 
field. Intensive open burning activities generally take place during the dry season when stagnant 
atmospheric conditions (Tiparayom and Kim Oanh, 2007).  Crop residue open burning contributed 
more than 80% of the total biomass open burning emissions (Permadi 2013). Open burning of 
agricultural residue is one of the major source of aerosol emissions. Results of rice straw 
combustion emits types of particulate matter (PM) (Andreaea and Merlet, 2001), appear with a large 
carbonaceous fraction. Two types of aerosol carbon is the organic carbon (OC), which is mainly 
spread radiation and cools the atmosphere (direct forcing) and elemental carbon (EC), which absorb 
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solar radiation and produce warming of the atmosphere (IPCC, 2001). Straw burning also produces 
emissions of Short Lived Climate Polutans (SLCPs) as Black Carbon (BC), which has a major 
driving force for global climate change in the past (Kanokkanjana, 2011). Black Carbon (BC) 
contributes directly and indirectly to the earth‘s radiative balange change, and consequently, has 
impact on global warming as the second largest contributor after Carbon Dioxide (CO2). Indonesia 
has a large population, 46% of which lives in rural areas. Because of the large use of crop residues, 
the pollutant emissions from the combustion, such as BC in PM and CO, have contributed 
substantially to the regional environmental pollution problem (UNFCCC, 2010). Only a few studies 
on emissions of pollutants from open burning of waste is done post-harvest rice in Indonesia. Where 
one of the potential sources of emissions of pollutants BC in PM2.5.  Therefore, the main purpose of 
this study is to assess the black carbon concentration in air borne particulate matter in ambient air 
from rice straw field open burning in Districts Cugenang, Cianjur, West java, Indonesia. Field 
burning of rice straw a common practices in  Cianjur, West Java (58%). It has potential effects on 
air quality, atmosphere and climate. Open burning experiments were conducted both in the field and 
in the chamber to simulate open burning in order to determine emission of BC emissions, including 
PM2.5. Emissions from rice straw sources are known to be spatially and temporally inhomogeneous, 
needing better characterization.  
1.1. Study Area 
Open burning experiments conducted in the districts Cugenang, Cianjur, as rice straw 
burning is a common practice undertaken at this location.It is located at  6021 '- 7025' south latitude 
and 106 042 '- 107025' East Longitude. District Cianjur is located in West Java province which is 
about 66 km from the city of Bandung. This district as one of the centers of rice production in West 
Java with rice production 6.3 tons / year (BPS,2014) (Figure 1).  
 
 
Figure 1: A map showing the location of study area 
 
2.  EXPERIMENTAL WORK 
2.1. Biomass Sampling And Preparation 
Burning straw conducted for eight varieties of rice. Eight rice varieties collected from June 
to July 2015. Straw was collected from seven villages in the districts Cugenang. Mekongga varieties 
collected from Sukamanah, ciherang and cintanur varieties collected from Giri Harja, hybrid 
varieties from the Babakan Imbangan, Inpari from Panumbangan, varieties inul and sarangue 
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collected from Pangkalan Benjot, Varieties of  Pandan  wangi collected from Ranca Picung. 
Sampling was carried smoke from burning straw during the rice harvest in June-October 2015 by 8 
field burning in rice harvested and 1 chamber burning  in Cianjur with 8 varieties. 
2.2. Open Burning experiments in the field 
Experiments in the field of combustion taking place in the fields are harvested and follow 
local practice of burning straw. Experimental field is the part that is harvested by farmers by cutting 
the top of the rice straw and leaving the bottom (stump) and then in a pile of rice fields of 
combustion. Combustion is done starting at the edge of the stack against the wind in the middle of 
farm fields and away from local roads and houses. Each field experiments on rice varieties 
performed well every background sampling prior to combustion. Sampling background lasts for 2-4 
hours. After completion of sampling the background conditions, the burning of rice straw begins to 
sample. Smoke sample measurement starts as soon as the fire becomes stable (smoldering) and 
continue until the fire stops The both sampling done on the same day, The difference between the 
concentration of pollutants in the smoke and background samples collected in the field trials was 
considered as the net contribution from the smoke of burning rice straw. 
Field burning experiments of fine (PM2.5) was collected by two samplers minivol (Anderson 
214 series) on the Teflon filter. PM filter (PTFE 47 mm) collected by the flow rate of 5 Lmin-1). 
Sampling equipments was placed at two points downwind in each experiment the combustion is at a 
distance of approximately 5 m from the edge downwind of the combustion field, to avoid damage 
from fire and heat. All equipment is positioned at 1.5 m above the ground. Two minivol sampler 
(for collecting PM2.5) located about 1-1.5 m from each other. At this distance, samplers considered 
close enough to capture the same piece of pollutants from smoke and far enough away to minimize 
disruption inlet flow. 
Continuous measurement in the field is also done recording meteorological conditions and 
CO and CO2. Meteorological conditions measured over a period of combustion takes place in the 
field. Parameters monitored  meteorological conditions consist of wind speed, wind direction, 
temperature, pressure, and humidity. Continous data recorded (every 5 minute) from anemometer 
and barometer. This parameter measurements carried out in order to see the influence of 
meteorological conditions on emissions of PM2.5 and BC. Continuous data from CO/CO2 analyzer 
is used to measure the concentration of gas near the fire, and this data is primarily used to determine 
the combustion deficiency. Both meter CO/CO2 analizer at a height of 1.5 meter long stick close to 
the source of combustion. 
2.3. Open Burning Experiment in the Chamber  
Open burning experiments in the chamber  to simulate open burning in the field, It is located 
in Panumbangan at Cugenang Districs. The chamber was  design by Kanokkanjana (2011), three 
side  is open for let air in or out without any barrier. Figure of the chamber is presented in Figure 2. 
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Figure 2. Chamber for simulating open burning of rice straws 
The straw  was burned on the  tray  to be able to measure  weight before and after burning. 
During combustion, time was recorded and emission was measured by the same equipment and the 
same method as field experiments. The emission measurement equipments were installed in front of 
opened the chamber at ground level for 1 m height. Meteorological condition  (temperature, 
pressure, and humidity) were also measured. 
2.4. PM2.5 Analysis 
2.4.1. Analysis Methods 
All samples were analyzed for particulate matter PM 2.5 mass methods gravimetry.  PM2.5 
collected on Teflon filter to be analyzed at Air Quality Laboratory Bandung Institute of 
Technology. Before the filters are used, the weight of the filter is weighed before hand. As a 
weighting procedure, the filter should be conditioned for 24 hours at room scales (desicator) to 
equalize the moisture filter and the room so that the weighing process easier and more accurate 
results. Later Teflon filter samples were weighed using scales Boeco Germany with accuracy up to 
0.00001 g and deviation of ± 0.00005 g. This value  is used in the calculation of gravimetric 
analysis to determine the concentration of PM2,5 in aerosol burning rice straw.  
For the QA/QC purpose  during transport between field and laboratory locations, the 
sampling materials (filters) was done wrapped and placed in a box. Each filter is inserted into in 
separate petri dishes were stored in airtight plastic bags good during transport and cooling in the 
laboratory. Blank filter was treated in the same way and used for the correction of the calculation 
results of concentration. 
2.4.2.  Computing Method 
The concentrations of PM 2.5 emission , from the smoke emision were calculated on equation 
1 and net burning smoke concentration were calculated on equation 1 : 
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         (1) 
where, C is concentration of particulate mass (mg / Nm3) , Mp is  particuleight (g) and   Vstd is 
volume in standard state (Nm3). 
2.5. Black Carbon Analysis 
2.5.1. Analysis Methods  
Black Carbon as analyzis using the an EEL Smoke Stain Reflectometer Model 43D at the 
Laboratory of air quality environmental engineering ITB. Analysis of black carbon by optical 
methods, by comparing the transmission of light through a filter that contains suspended particles 
with the transmission of light through a filter that is still clean (OECD, 1964 in Utami, 2011).  Air is 
drawn through the filter and then the density of the particles retained on the filter was measured 
using a reflectometer. Particulate density can be converted using a calibration curve to obtain the 
mass concentration of black carbon (CAFE Working Group on Particulate Matter, 2004, in 
Urfanisa, 2011).  
2.5.2. Calculating Methods 
The emission BC were measured in form of concentration (mg/m3 BC). The concentrations 
of PM2.5 emission , from the smoke emision were calculated as the following equation : 
1). Calculation of carbon black weight per unit area of filter 
      (3) 
where, BC is weight of black carbon per unit area of filter (mg / m2). R  is average reflectance 
samples. 
2) .Calculation of carbon black mass 
         (4) 
where, M is mass of carbon black (g), A filter is ½ filter area (m2) 
3.  RESULTS AND DISCUSSION 
3.1. PM2.5 Concentration 
Emission of PM2.5 from open burning of rice residue are measured in this research. The 
emission were measured in form of concentration (µg/m3). Result for during experiment from open 
burning of rice residue conducted in the field in Cugenang District and simulation in the chamber 
combustion is presented in Table 2.  PM concentration  levels measured at the fixed downwind sites 
of the burning paddies were highly fluctuating. This was mainly caused by the varying wind 
directions observed during the field experiments that deflected the plume away from the equipment 
from time to time. 
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Table 2. PM 2.5 concentration  (µg/m3) 
[PM2.5] Varieties 
Mkg Hbrd Cihr Inpr Cint Srng Inl Pdnw  
A (field-1) 923.0 316.4 302.1 1006.4 451.9 427.3 1142.8 457.7 
B (field-2) 724.5 469.7 468.8 1070.0 378.1 743.2 861.8 439.0 
Chamber 805.1 1204.7 925.8 942.9 647.2 810.7 1064.5 755.3 
 
Results of simulate open burning in the field present the same trend as open burning in the A 
position (field-1) and the position B (field-2)  presented  in Figure 3. Trend of PM2.5 concentration 
is influenced by meteorological condition in the field so the peak is unstable all the time.   
 
 
Figure 3. Comparison of PM2.5 concentration from open burning location at A (field 1) and B(filed 2) 
In order to reduce influence of surrounding effect, rice residue was burned in a chamber that 
can simulate open burning in the field.  Comparison of concentration of PM2.5 in field burning with 
PM2.5 concentration from rice straw was burned in the chamber presented in Figure 4.   
 
 
Figure 4.  Comparison of result of PM2.5 concentration from field burning and burning in chamber 
From figure 4, average concentration of PM2.5 from open burning of rice residues in the field 
is 636.42 ± 291.24 μg/m3 which is lower than in the chamber (894.53   178.88 μg/m3) because 
influence of surroundings, especially meteorological condition. The environmental influence is 
decreased when simulate open burning of rice residues in the chamber.  
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3.1.1. BC Concentration and Contribution  
 
In this research, estimation emission of BC from open burning of rice straw is the target. 
The emission were measured in form of concentration (μg/m3). The concentration of BC for eight 
varieties for rice straw burned in field and for simulate in chamber  is presented in Tabel  4.  
Table 4    BC concentration (μg/m3)and contribution (%) in PM2.5 
Parameter Varieties 
Mkg Hbrd Chrng Inpr Cntr Srng Inl Pdnw Average 
Field open burning  
x [PM2.5] (μg/m3) 
x [BC] (μg/m3) 
x BC in PM2.5 (%) 
 
 
823.8 
48.8 
5.9 
 
 
393.1 
87.5 
21.9 
 
385.4 
49.7 
12.8 
 
1038.2 
71.4 
6.8 
 
414.9 
54.8 
13.2 
 
85.4 
82.9 
14.2 
 
1002.3 
50.3 
5.02 
 
448.4 
68.7 
15.3 
 
573.9 
64.3 
11.9 
Simulation in chamber  
x [PM2.5] (μg/m3) 
x [BC] (μg/m3) 
x BC in PM2.5 (%) 
 
 
805.1 
137.0 
17.02 
 
1204.7 
187.8 
15.6 
 
925.8 
151.4 
16.35 
 
942.9 
120.3 
12.8 
 
647.2 
118.0 
18.2 
 
810.7 
116.8 
14.14 
 
1064.5 
153.6 
14.44 
 
755.3 
69.1 
9.15 
 
894.5 
131.8 
14.7 
 
BC are emitted into the air during combustion of eight varieties vary concentration in the 
range  of 14.5  to 87.5 µg/m3 for field burning and 32.5 to 187.8 µg/m3. Contribution BC in PM2.5 
an average 11.9 % in the range of  5.02 to 21.9%  for field experiment and 14.7% for chamber 
simulation  in the range of  2.6 to 18.2 %  for chamber simulation. Comparison of  BC contribution 
in PM2,5 (%)  is presented in figure 5.   
 
 
Figure 5. Comparison BC Contribution in PM2.5 of field open burning and chamber simulation  
Variations of this value is influenced by rice straw characteristic (mouisturise, ash contain, 
volatile organic compound, carbon contain, hidrogen and oxigen contain),  the combustion 
efficiency (Modified Combustion Efficiency/MCE) of straw in the field and other factors including 
meteorological  conditions.  Averaged MCE  for Inul varieties was the highest (89%) for chamber 
simulation and 89.3% for inpari varietis for open burning in  the field.  
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4. CONCLUSIONS AND RECOMMENDATION 
This study  involved the assessment of black carbon  concentration in air borne particulate 
matter in ambient air from rice open burning in the field and in the chamber in District Cugenang, 
Cianjur.  Field experiments were conducted in irrigated paddy field to quantify rice straw, which is 
main fuel for combustion. The sample were collected using miniVol sampler. Black carbon was 
measuremend using an EEL smoke stain reflectometer.  
Result of PM2.5 concentration for eight varieties Mekongga, Hibrida, Ciherang, Inpari, 
Cintanur, Sarangue, Inul, Pandan wangi was concentration of PM2.5 from open burning of rice 
residues in the field is 573.9   318.09 μg/m3 which is lower than in the chamber (894.5 ± 167.3 
μg/m3). Concentration results of BC from open burning experiment of irrigated paddy and from 
simulation in the chamber are 64.3  μg/m3 and 131.8 μg/m3  respectively. The ratio of BC 
concentration compared to the PM2.5 concentration showed that BC comprises an average 11.9 % 
for field experiment and 14.7% for chamber simulation  for chamber. Variations of this value is 
influenced by the efficiency of the combustion simulation and the meteorology conditions. 
The results of this study presented provide useful information for the development of local 
emission factors for Black Carbon from open burning of rice straw in Cianjur. This research paved 
the way for a more accurate estimate of emissions that have an impact on air quality and climate 
impacts in Indonesia. Measurements of Emission factor for local sources should be conducted to 
provide a better estimate of amount of black carbon emission in all same typical rural areas in the 
country. 
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